The electrical conductivity of n-type silicon depends on the doping concentration which varies from10 22 -10 26 /m 3 at a given temperature 300 0 K where ionized impurity scattering is the dominant scattering mechanism. This work founds that the electrical conductivity of n-type silicon increases as the electron concentration increases as the result of doping. When the electron concentration increases, the Fermi energy increases from the result of the Fermi level increment.
I. INTRODUCTION
Semiconductors are materials at the heart of many electronic devices, such as transistors, switches, diodes, photovoltaic cells, etc. Silicon is widely used now a day with several applications in light emitting diodes, semiconductor lasers, microwaves lasers, and others specialized areas [1] .
Semiconductor is a material that has a conductance value between that of an insulators and conductors. In addition, their resistance between them. They are only different from insulators because of conduction brought about by thermally generated charge carries (extrinsic conduction) called dopants in semiconductor devices only extrinsic conduction is desirable, the charge carries are electrons and holes [1] .
By adding the right kind of dopants it is possible to make semiconductor materials, n-type materials and p-type materials. If such impurities contribute a significant fraction of the conduction band electrons and /or valance band holes, one speaks of an "extrinsic semiconductors" [3] .
The objective of this research is: To show the relationship between Fermi energy the electron concentration To show the relationship between the electrical conductivity and the electron concentration To derive the mathematical expression for electrical conductivity and to calculate the numerical values in n-type silicon for different doping concentrations in the range 10 16 /cm 3 -10 18 /cm 3 . The physical significance of this research is to understand the electrical conductivity of the n-type silicon that has so many applications in the electronic world.
II. CONSTANT ENERGY SURFACES OF CONDUCTION ENERGY BAND STRUCTURE AND THE QUANTUM DENSITY OF STATES OF N-TYPE SILICON
The system under consideration is n-type silicon. There are six equivalent constant energy ellipsoids for electron in silicon. These are six equivalents energy minimum along the six {100} directions [3] . The constant energy surfaces as seen by the {100} plane through the center of the first Brillion zone in p-space with axis of symmetry in the x-axis will have energy given by an expression of the form:
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Where m 1 * =m l =0.92m 0 is the longitudinal effective mass and m 2 * =m 3 * =m T =0.91m 0 is the transverse effective mass. By adding appropriate transformation to anew P' coordinate system in which the constant energy surface because spherical. The energy can be expressed in the form:
Where is the density of the states effective mass and M v =6 number of equivalent energy valleys. The number of quantum states in P-space in the energy range E+dE is:
If we measure energy from the bottom of conduction Ec=0, then can be expressed as:
III. FERMI DIRAC STATISTICS FOR N-TYPE SILICON
The number of states per unit volume between and in allowed band can be calculated from the volume between and in an allowed band, can be calculated from the volume between and in kspace divided by the volume of a single state in k-space. If the shape of the energy surface in the k-space is known for a given material, therefore, can be calculated. If is the probability that a state with energy will be occupied states is given by an expression of the form:
Where is the number of electrons in the conduction band, now the function , the profanity that a state with energy will be occupied, is just the Fermi distribution function.
For electron occupation of the conduction band, can be expressed as:
. (6) Where is the Fermi energy:
To derive the number of electrons in the conduction band, use the above equations. Substitute Eq. (4) and Eq. (6) into Eq. (5), i.e. .
. (8) In addition, the normalized electron concentration is:
. (9) We assume that the total mobile electron concentration in the conduction band is equal to donor concentration N d that varies from 10 22 -10 26 /m 3 in our calculation.
IV. BOLTZMANN TRANSPORT EQUATIONS
The conductivity of a substance is determined by the concentration and mobility of charge carriers. The probability of electrons occupying a unit volume of phase space with the center at point(x, k) at the moment of time t is That is to say is the distribution function for no equilibrium state the distribution function will change with time, the nature of change being dependent on which process predominates; the change due to the action of the electric field (F), and as a result of charge carrier collision(C).
Where:
For the present, we want to avoid excessive complications by means of relaxation time approximations for . The effect of collisions is always to restore a local equilibrium situation described by the distribution function . Let us further assume that if the electron distribution is distributed from the local equilibrium value , then the effect of the collision is simply to restore to the local equilibrium value exponentially with a relaxation time τ which is the order of the time between electron collisions with ion, i.e.:
From the relations:
. C, electric charge and E x is the electric field in the x-direction.
For the steady state condition, the electron distribution is independent of time, i.e. , Eq. (17) becomes:
Where in the relaxation time approximation:
And .
V. ELECTRON SCATTERING MECHANISM
There are different scattering mechanisms like acoustic phonon scattering, ionized impurity scattering, carriercarrier scattering among others responsible for the resistivity of the material. Conwell and Weisskopf have calculated the rate of change of distribution function due to ionized impurity scattering by using the following assumptions: i. In the electron ionized impurity scattering only the direction of electrons changes ii. An electron gets scattered by a single ion at a time i. e. by the one which is closest to it at that particular instant of time. Therefore one can express the number of electrons per unit volume per second into a solid angle at , as:
Where is the number of electron per unit volume. is the number of electrons per unit volume with solid angle .
Is the Rutherford scattering cross-section and v is the relative velocity between electron and ion and can be taken as electron velocity. The Conwell and Weisskopf formula for ionized impurity relaxation time is:
Where ε is the dimensionless kinetic energy. Among varies scattering mechanisms responsible for resistivity in the temperature range 77-300 0 K and for electron concentration, the ionized impurity scattering is the dominant scattering mechanism. We shall use the above expression of relaxation time for ionized impurity scattering in subsequent sections to obtain the explicit expression for thermal conductivity.
VI. ELECTRICAL CONDUCTIVITY
Electrical conduction is transport processes resulting from the motion of charge carriers under the action of internal or external field. Conductivity of n-type silicon in which the conductivity is due to the excess electrons. Current is defined as the time rate at which charge is transported across a given surface in a direction normal to it, the current will depend on both number of charges free to move and the speeds at which they move. Electrical conduction takes place as a result of the motion of the free electrons under the action of an applied electric field [6] .
VII. DERIVATION OF ELECTRICAL CONDUCTIVITY
Current is defined as the time rate at which charge is transported across a given surface in a direction normal to it, the current will depend on both the number of charges free to move and the speeds at which they move.
The electrical current density is given by:
Where can be expanded as to the first order approximation for weak/normal dc electric field. 
By using the relations of the above equations, we can drive the below equation.
Using integration by substitution, we can integrate the above equation, i.e. let , then -. Replacing the first thing in u, then:
i.e. 
By substituting:
Finally:
. (54) . (55) From the general relation of .
. (57) . (58) Substitute Eq. (8) into Eq. (58), i.e.:
This Eq. (61) is known as the normalized electrical conductivity.
VIII. NUMERICAL CALCULATION OF ELECTRICAL CONDUCTIVITY
To calculate numerical values of the normalized Fermi energy and the dimensionless electrical conductivity for the given electron concentration, use the formula for electron concentration.
. (62) Where Whit is the dimensionless kinetic energy.
. (63) . (64) By substituting the numerical values of the constants, will got:
This integral is known as Fermi integral.
To get the dimensionless Fermi energy using the given value of normalized electron concentration those are shown in Table I .
Using Equation (9) for normalized doping concentration and the integral Equation (64). The integral Equation (64) for electron concentration is difficult to evaluate because the normalized Fermi energy is unknown. By using iteration method in such a way that for a given arbitrary value of the left side of the integral Equation (64) 
IX. ANALYSIS AND DISCUSSION ON THE RESULT
The numerical values are used to draw the graph of normalized Fermi energy vs. normalized electron concentration n n .
Again, the numerical values are used to draw the graph of dimensionless electrical conductivity ( ) vs. normalized electron concentration n n .
When we see the first graph, the normalized Fermi energy increases as the doping concentration or the normalized electron concentration n n increases.
When we increase the normalized electron concentration, by doping it from time to time, the Fermi energy level increases with it.
We get negative Fermi energy when the location of the Fermi level is below the bottom of the conduction band and a positive Fermi energy when the location of the Fermi level is above the bottom of the conduction band.
Normalized electron concentration The graph of normalized electrical conductivity ( ) vs. normalized electron concentration n n shows that the electrical conductivity of the semiconductor increases by increasing the electron concentration in the conduction band as a result of doping. The paper found that the electrical conductivity of ntype silicon increases as the electron concentration increases, the Fermi energy increases from the result of the Fermi level increases.
